In this Letter we construct the noncommutative (NC) gravity model on the θ-constant NC spacetime. We start from the NC SO(2, 3)⋆ gauge theory and use the enveloping algebra approach and the Seiberg-Witten map to construct the effective NC gravity action. The action and the equations of motion are expanded up to second order in the deformation parameter. The equations of motion show that the noncommutativity plays a role of a source for the curvature and/or torsion. Finally, we calculate the NC corrections to the Minkowski space-time and we show that in the presence of noncommutativity Minkowski space-time becomes curved, but remains torsion-free. The breaking of diffeomorphism invariance is understood in terms of the preferred coordinate system. We show that the coordinates we are using are the Fermi normal coordinates. This suggests that the natural coordinate system in which one should study NC gravity is given by the Fermi normal coordinates.
NC gravity, general: Formulated at the beginning of the XX century, General Relativity and Quantum Mechanics continue to remarkably well describe physics at different scales: the scale of planets and the Solar system and the scale of atoms respectively. Predictions of both theories have been confirmed by many experiments, the most recent being the detection of gravitation waves [1] . However, a theory that could unite these two theories and provide a description of gravity at quantum scales is still missing. There are different proposals in the literature: string theory, quantum loop gravity, noncommutative (NC) geometry, dynamical triangulation,. . . . None of these proposals is complete, mostly due to the lack of experimental tests.
NC gravity theories rely on the notion of noncommutative space-time and/or noncommutative geometry. NC geometry provides a generalization of description of space-time by smooth manifolds. Introducing NC relations between coordinates naturally leads to uncertainty relations between coordinates [2] and introduces a "foamy, grainy" structures instead of the usual smooth manifolds. In this way one hopes to solve the problem of divergences in Quantum Field Theories and the problem of singularities in General Relativity.
During the last fifteen years, different models of NC gravity theories were considered. We just mention a few different approaches: NC gravity via the twist approach [3] , emergent NC gravity via the matrix models [4] , fuzzy space gravity models and DFR models [5] and NC gravity via the NC gauge theory and the Seiberg-Witten (SW) map [6, 7] .
In this Letter, we study one particular model of NC gravity as a NC gauge theory. We work with the "canonical" or "θ-constant" noncommutativity. The main advantage of this NC space-time is that, due to the constant noncommutativity, it is relatively easy to study various physics problems. On the other hand, by introducing a constant NC parameter we explicitly break the diffeomorphism symmetry. Therefore, we need to understand if this symmetry breaking has some physical explanation. The gauge group is chosen to be the SO(2, 3) group. Motivated by different f (R), f (T ) and other modified gravity models we study the SW map expansion of our model and obtain correction terms that can be compared with the existing terms in the modified gravity models. In our model the relations between different correction terms are not arbitrary but are fixed by the SW map expansion. Calculating NC gravity equations of motion, we show that noncommutativity plays a role of a source for the curvature and torsion. That is, given a flat/torsion-free space-time, noncommutativity induces nonzero curvature/torsion on this space-time. This result is not completely new, it was also discussed in [8] in a different approach to NC gravity. Especially, starting from the Minkowski space-time as a solution of commutative vacuum Einstein equations, the corrections induced by our NC gravity model lead to a space-time with a constant scalar curvature, (A)dS-like space-time.
As we mentioned earlier, our model breaks the commutative diffeomorphism symmetry. This symmetry breaking can be understood in terms of a preferred coordinate system we are using. Looking more carefully, we find that this particular coordinate system is given by the Fermi normal coordinates. These are coordinates of an observer moving along a geodesic in curved space-time. In particular, this is the observer who measures the noncommutativity to be constant. This provides an explanation of the θ-constant noncommutativity (deformation). It also suggests that the Fermi normal coordinates are the preferred coordinate system in which one should study NC gravity effects.
Commutative model: We start from a commutative gravity models based on the SO(2, 3) gauge symmetry. Models of this type appeared in the 1970ies [9] and were used in the construction of supergravity theories. The gauge field and the field strength tensor are defined as 
The quantities in (2) are given by
More details about the SO(2, 3) algebra and the calculations that follow can be found in [10] . The commutative action that we are going to generalize to the NC setting is a sum of three terms:
with an additional scalar field
The field φ is used to break the SO(2, 3) gauge symmetry of the action to the SO(1, 3) (local Lorentz) gauge symmetry. The action (4) was introduces by Stelle and West and also analyzed by Towsend and by MacDowell and Mansouri in their papers [9] . Actions (5) and (6) were introduced by Wilczek in [11] as different possibilities to write SO(2, 3) gauge invariant models.
The symmetry breaking is done by choosing a particular form of the field φ, namely φ a = 0, φ 5 = l. The symmetry breaking can also be spontaneous, for more details see [11] . After the symmetry breaking the resulting commutative action is written as
with √ −g = det e a µ and R = R . The constants c 1 , c 2 and c 3 are arbitrary and, as we shall se later, can be determined from additional conditions.
The first term in the action (7) is the topological Gauss-Bonnet term. It does not contribute to the equations of motion and we shall not consider it further. The other two terms are the Einstein-Hilbert term and the cosmological constant term. Note that, depending on the sign of the coefficient c 1 + 2c 2 + 2c 3 , the cosmological constant can be positive, negative or zero. The spin connection ω ab µ and the vierbeins e a µ are independent fields in the model. Varying the action (7) with respect to these fields gives two equations of motion. The variation with respect to ω ab µ gives the vanishing torsion equation. This equation enables to express the spin connection in terms of the vierbeins. The variation of the action (7) with respect to e a µ gives the Einstein equation, written in terms of the vierbiens. Finally, we conclude that after the symmetry breaking and solving for the spin connection in terms of vierbeins we obtain the usual GR: Einstein equations with an arbitrary cosmological constant.
Noncommutative model and the low energy expansion: We wish to generalize the commutative model (7) to the noncommutative space-time. We work in the canonically deformed (θ-constant noncommutative) space-time and use the approach of the deformation quantization. The noncommutative fields are functions of commuting coordinates while their multiplication is given by the noncommutative (but associative) ⋆-product. In the case of the θ-constant NC space-time, the ⋆-product is the MoyalWeyl product given by
The deformation parameter is a constant antisymmetric matrix θ αβ . The ⋆-product reduces to the usual commutative multiplication in the zeroth order in deformation parameter and has higher order corrections that lead to f ⋆ g = g ⋆ f .
The concept of gauge symmetry can be generalized to the NC setting. We shall use the enveloping algebra approach and the Seiberg-Witten map [12] . The noncommutative SO(2, 3) ⋆ gauge transformation of the NC gauge fieldω µ is defined as
with the NC gauge parameterΛ ǫ . It can be shown that the algebra of NC gauge transformations closes in the enveloping algebra only [19] . Since the enveloping algebra is infinite dimensional, it would seem that the NC gauge theory should have infinitely many degrees of freedom. The idea of the Seiberg-Witten map is that the NC gauge transformations are induced by the commutative gauge transformations,
that is, the NC fields are functions of the corresponding commutative fields. The method for solving the SW map equations is introduced in [13, 14] and the explicit solutions for the SO(2, 3) gauge group are given in [15] . The important result of this approach is that there are no new degrees of freedom but new interaction terms appear. The relations between different (new) interaction terms are fixed by the SW map.
The NC generalization of (7) is given by
with
The action is invariant under the NC SO(2, 3) ⋆ gauge symmetry and the SW map guarantees that after the expansion it will be invariant under the commutative SO(2, 3) gauge symmetry. Using the SW map solutions for the fieldsF µν andφ [15] and the ⋆-product (8), the action (11) is expanded in orders of the NC parameter θ αβ . The expansion is done around the commutative vacuum φ 5 = l, φ a = 0, that is the symmetry breaking is done after the expansion of NC fields and ⋆-products. The zeroth order of the expansion is just the commutative action (7). The first order correction vanishes. This is an expected result: it was shown in [6] that, if the NC gravity action is real, then the first order (in the deformation parameter) correction has to vanish. This result holds for a wide class of NC deformations, namely the deformations obtained by an Abelian twist, see [7] .
The second order correction is the first non-vanishing correction. The calculation is long, some details and the result can be found in [10] . The result, being long and complicated is not so easy to analyze. Nevertheless, it enables to study different sectors of our model: high curvature or low curvature, big, small or vanishing cosmological constant, etc. In this Letter we analyze the low energy sector of the model. Therefore, in the expanded NC gravity action we keep only terms that are of zeroth, first and second order in the derivatives of the vierbeins e a µ . The resulting action is given by
" . . . " include terms of the form: θθ∇e∇e, θθT ∇e, θθ∇T and θθT 2 , where T labels the torsion tensor T a µν . These terms are of no importance for the specific solution we analyze in this Letter. Therefore, we did not write them explicitly. The complete result is written in [10] . It is quite interesting to observe that θ 2 R term vanishes in the action (12) . Thus Einstein-Hilbet term is stable under NC corrections.
The action (12) is invariant under the local SO(1, 3) symmetry. The diffeomorphism symmetry is broken, as expected. Terms that explicitly break this symmetry are of the form θ αβ θ γδ R αγβδ and ∇ µ e a ρ . The first type of terms, despite the contracted indices, are not scalars since θ αβ is not a tensor but a constant matrix. The second type of terms can be rewritten using the metricity condition as ∇ µ e a ρ = Γ 
N C is the second order expansion of the action (12). The explicit expressions for τ µν and S µ ab are given in [10] . Even without explicitly solving these equations we can make some important comments. Looking at the equation (14) we see that noncommutativity is a source of torsion. Namely, even if we start from a torsion-free solution (in the zeroth order in the deformation parameter), NC corrections will introduce non-zero torsion in the second order in the deformation parameter. The analogous conclusion follows from the equation (13): the flat space-time will become curved due to the presence of noncommutativity. In the last part of the letter, we analyze one flat space-time solution, namely the Minkowski space-time.
NC corrections to the Minkowski space-time:
Minkowski space-time is a solution to the vacuum Einstein equations without the cosmological constant. Therefore, we first have to assume that 1 + c 2 + 2c 3 = 0, that is that the cosmological constant in not present in the zeroth order. Note that in our previous work [15, 16] we were not able to choose the value of the cosmological constant, since we only worked with the action S 1N C . Adding the other two actions S 2N C and S 3N C with arbitrary constants c 1 , c 2 , c 3 enables us to study a wider class of NC gravity solutions.
Next we assume that the NC metric is of the form:
where h µν is a small correction that is second order in the deformation parameter θ αβ . Inserting this ansatz into the action (12) and varying with respect to h µν leads to the following equations of motion:
The right hand side of equation (16) is constant. Therefore, these inhomogeneous equations are solved by a general h µν quadratic in coordinates. We find solution of the form:
The scalar curvature of this solution is given by
This shows that the noncommutativity induces curvature and the Minkowski space-time becomes (A)dS-like. The sign of the scalar curvature will depend on the particular values of the parameter θ αβ . The induced curvature is very small, being quadratic in θ αβ and it will be difficult to measure it. However, qualitatively we showed that noncommutativity is a source of curvature, just like matter or cosmological constant. It is tempting to try to relate the quantity θ αβ θ γδ η αγ η βδ /l 6 with the actual value of the cosmological constant, but to be able to to that we have to first study cosmological solutions and their corrections induced by our NC gravity model.
The Reimann tensor for the solution (17) can be calculated easily. A very interesting and unexpected observation follows: knowing the components of the Riemann tensor, the components of the metric tensor in (17) can be written as
This form of the metric tensor is typical for a special type of coordinates, the Fermi normal coordinates. These coordinates are inertial coordinates of a local observer moving along a geodesic. The time coordinate is just the proper time of the observer moving along the geodesic. The space coordinates x i are defined as affine parameters along the geodesics in the hypersurface orthogonal the actual geodesic of the observer. Unlike Riemann normal coordinates which can be constructed in a small neighborhood of a point, Fermi normal coordinates can be constructed in a small neighborhood of a geodesic, that is inside a small cylinder surrounding the geodesic [17] . Along the geodesic these coordinates are inertial, that is g µν | geod. = η µν , ∂ ρ g µν | geod. = 0 .
The measurements performed by the local observer moving along the geodesic are described in the Fermi normal coordinates. Especially, she/he is the one that measures θ αβ to be constant! In any other reference frame (any other coordinate system) observers will measure θ αβ different from constant.
With this observation we now understand the breaking of diffeomorphism symmetry in the following way: there is a preferred reference system defined by the Fermi normal coordinates and the NC parameter θ αβ is constant in that particular reference system. This suggests that the NC gravity should be analyzed in the Fermi normal coordinates and that this choice of coordinates could simplify the definitions and the analysis of the NC gravity models in general. In our future work we plan to investigate other solutions of our NC gravity model, like NC Schwartzschild solution and cosmological solutions. Especially, we are interested in the emergence of Fermi normal coordinates in these solutions and in this way we hope to gain a better understanding of NC gravity.
